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Statement of Problems Studied: 
1. Do concentration gradients of peripheral nerve-released factors direct the growth cone sensory and 
motor neuron growth cones in vitro? 
2. Do concentration gradients of peripheral nerve-released factors direct the growth motor axons in 
vivo? 



3. Can novel methods be developed to facilitate regeneration across long gaps in peripheral nerves? 
4. What factors are required to protect adult human neurons from neurotoxicity following spinal 
trauma? 
5. Characterization of peripheral nerve-released factors that promote neunte outgrowth and modify 
neurite morphology. 
6. Are there regeneration inhibiting factors in the peripheral nervous system? 
7. What role does innervation have on the maintenance of skeletal muscle fiber subsynaptic nuclei 
clustering? 
8. What influences do skeletal muscle fiber-released factors exert on motoneuron process outgrowth? 
9. What are the membrane properties of adult sensory and motor neurons? 

Summary of Most Important Results 
1. Do concentration gradients of peripheral nerve-released factors direct the growth cone sensory and 
motor neuron growth cones in vitro? 

We have demonstrated diffusible that concentration gradients of peripheral nerve-derived 
factors reliably direct the outgrowth of sensory (28/28) and motor neuron (47/47) growth cones in 
vitro. This influence is exerted over gradients up to 200 urn long. 

2. Do concentration gradients of peripheral nerve-released factors direct the growth motor axons in 
vivo? 

Concentration gradients of peripheral nerve-derived factors reliably direct the outgrowth of 
motor axons in vivo. This influence is exerted over gradients up to 6.5 mm. 

3. Can novel methods be developed to facilitate regeneration across long gaps in peripheral nerves? 
The central and distal nerve stumps of a peripheral nerve have been inserted into silicon tubes 

filled with bioresorbable matrices into which are injected dissociated cells of a peripheral nerve. Using 
these bridging tubes peripheral axons can now be made to successfully regenerate across gaps of 
more than 2 cm. 

4. What factors are required to protect adult human neurons from neurotoxicity following spinal 
trauma? 

Using methods developed in this laboratory, adult human sensory neurons have been isolated 
and maintained in culture for more than 8 weeks where they extend neurites and remain electrically 
excitable. The best survival of such isolated adult neurons by other laboratories is 24 hours. Normally 
such neurons die due to the neurotoxic environment created during the isolation procedures or spinal 
trauma. The methods used to isolate the neurons are being analyzed to determine which components 
of the protocols are responsible for protecting the neurons from neurotoxicity. 

5. Characterization of peripheral nerve-released factors that promote neurite outgrowth and modify 
neurite morphology. 

We have demonstrated that medium conditioned by a length of peripheral nerve contains a 
number of factors (a minimum of 6), with vastly differing molecular weights, that promote neurite 
outgrowth from adult neurons and modify the morphology of the neurites. Although the responsible 



factors have not been isolated, the molecular weights of factors in some fractions indicate that some 
of these factors are not part of the known neurotrophin family. These results also demonstrate 
multiple factors must be present and act simultaneously on adult neurons to promote neurite 
outgrowth and extensive elongation of the neuntes, as well as to induce neuntes with a physiological 
appropriate morphology. 

6. Are there regeneration inhibiting factors in the peripheral nervous system? 
We have demonstrated that satellite cells associated with adult rat sensory neurons inhibit 

neurite outgrowth. However, this inhibitory influence can be reduced by specific neurotrophic factors 
and completely blocked by a combination of peripheral nerve-released factors. The influence of the 
neurite outgrowth inhibitory factor appears to be most effective when the neurons are on contact with 
the satellite cells, however, a the factor also appears to act in a diffusible manner on neurons not in 
contact with satellite cells. Preliminary results indicate that the factor is a heparan sulfate 
proteoglycan. 

7. What role does innervation have on the maintenance of skeletal muscle fiber subsynaptic nuclei 
clustering? 

Subsynaptic nuclei clustering in adult skeletal muscle fibers appears to result from nerve 
released factors that become bound to the muscle fiber extracellular matrix and potentially interact 
with integrin receptors to induce and maintain the nuclei clustering. 

8. What influences do skeletal muscle fiber-released factors exert on motoneuron process outgrowth? 
Skeletal muscle fibers release diffusible factors that promote and direct neurite out from 

cultured adult motoneurons. 

9. What are the membrane properties of adult sensory and motor neurons? 
The biophysical properties of adult sensory and motor neurons have been characterized using 
electrophysiological approaches. It was shown that several types of sensory neurons can be identifies 
by their morphology and that each population has different membrane properties. This technique 
should allow for the identification of different populations of neurons based on morphology alone. 
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